We have examined the sensitivities to the anomalous quartic W W γγ gauge boson coupling by investigating the three different processes e + e − → W − W + γ, e + e − → e + γ * e − → e + W − γν e , and e + e − → e + γ * γ * e − → e + W − W + e − at the CLIC. We obtained 95% confidence level bounds on the anomalous coupling parameters Λ 2 from these reactions are at the order of 10 −7 and 10 −8 GeV −2 , respectively, which are about two orders of magnitude better than the CMS bounds. * mkoksal@cumhuriyet.edu.tr
I. INTRODUCTION
In the Standard Model (SM) of particle physics, triple and quartic interactions of the gauge bosons have not been determined with great accuracy. The possible deviation of gauge boson self-interactions from the SM predictions will be an important sign of new physics beyond the SM. A simple way of new physics research is the effective Lagrangian method.
This fundamental theory, which is independent of the details of the model, reduces to the SM at lower energies. The genuine quartic gauge couplings occur with effective operators which do not induce new trilinear vertices. Hence, quartic gauge couplings are interchanged by genuine quartic gauge couplings while trilinear gauge boson couplings are equal to SM values.
Therefore, we consider that genuine quartic gauge couplings can be separately examined from the effects occurring in trilinear gauge couplings. C and P conserving dimension 6 effective Lagrangian for genuine quartic W W γγ couplings are given by [1, 2] 
where W (i) is SU(2) W triplet, F µν = ∂ µ A ν − ∂ ν A µ is the tensor for electromagnetic field strength, Λ is the scale of the new physics, and a 0 and a c are the dimensionless anomalous coupling constants.
In the presence of the effective Lagrangian in Eqs. (2) (3) , the vertex functions for 
by D0 collaboration at the Tevatron [4] and CMS collaboration at the LHC [5] . The anomalous couplings were obtained by D0 collaboration
The most restrictive bounds on the parameters of quartic anomalous W W γγ couplings were determined by CMS collaboration
In the literature, anomalous quartic W W γγ couplings at the linear colliders were studied the through the processes e + e − → V V V [6] [7] [8] [9] , e + e − → V V F F [10] , eγ → V V F [11, 12] , and γγ → V V V [13, 14] where V = Z, W ± or γ and F = e or ν. In addition, these couplings were examined at the LHC via the processes pp → pγ
pp → pγ * p → pW γqX [17] , pp → W γγ [18] [19] [20] and→ qqγγ [21] .
In this study, we probe the anomalous quartic and rare Higgs decay modes will be examined. The third phase, which has a maximum energy of 3 TeV, is considered to be able to make the most accurate measurements of the SM, and to directly determine the pair-production of new heavy particles of mass up to 1.5
TeV [23] .
The linear e − e + collider also has eγ and γγ options to examine the new physics research.
eγ and γγ being where high energy real photons can be obtained by converting the incoming leptons beam into a photon beam via the Compton backscattering mechanism [24] [25] [26] .
In addition, the linear collider allows us to study photon-induced eγ * and γ * γ * reactions arising from almost real photons. Here, γ * is emitted by any of the incoming leptons and immediately after it collides with the other lepton. Hence, to some extent it is possible to investigate eγ * and γ * γ * collisions at the CLIC. The photons in these processes have been described as a suitable framework by the Weizsacker-Williams approximation (WWA) [27] [28] [29] [30] [31] [32] . The virtuality of these photons is very low and they are assumed to be almost real. Therefore, the photons are scattered at small angles along the e − or e + beam paths.
As a result, eγ * and γ * γ * processes are produced in a natural way from the e − e + process itself. Representative diagrams defining these processes are given in Figs. 1 and 2. In the literature, photon-induced reactions through the WWA have been widely examined at the LEP, Tevatron, and LHC .
II. CROSS SECTIONS
The We can see from these figures that while the only one of these diagrams involves anomalous W W γγ vertex, the others show the contributions arising from the SM. We have used the COMPHEP-4.5.1 program for numerical calculations in this study [60] . In addition,
we assume that while only one of the anomalous couplings is equal to zero at any given time throughout our study, the other is non-zero. 
where σ N P is the total cross section in the existence of anomalous gauge couplings,
is the statistical error: N is the number of events. First, the events number for the process
where L int is the integrated luminosity and σ SM is the SM cross section. The W boson is heavy enough to decay both hadronically and leptonically. It decays roughly 21.5% of the time leptonically (for electron or muon) and 67.6% of the time to hadrons. So we consider one of the W bosons decays leptonically and the other hadronically for the signal.
Therefore, we consider that the branching ratio of the W bosons pairs in the final state to be BR = 0.145. In addition, we impose the acceptance cuts on the pseudorapidity |η γ | < 2.5 and the transverse momentum p In Table II 
Here, the W boson can decay leptonically, but in this case there occurs a great uncertainty due to the production of two neutrinos in the final state of our process. 
Here, we find the SM cross sections to be 0.202 pb for √ s = 0. 
IV. CONCLUSIONS
The CLIC is a high energy and luminosity linear collider in the planning stage. Having the high energy of the CLIC is quite important in terms of new physics research beyond the SM. For example, quartic W W γγ gauge couplings are defined by dimension 6 effective Lagrangian (2) and (3), and their energy dependences are very high. Hence, the processes including the W W γγ interactions have a higher momentum dependence with respect to the SM process. We can easily understand that the contribution to the cross section of anomalous quartic couplings quickly increases with the increase of center-of-mass energy.
The analyzed processes that have very high energy and clean experimental environment, are anticipated to obtain a higher sensitivity of anomalous quartic gauge couplings. Therefore, we have studied the anomalous quartic gauge couplings in order to determine the bounds on the anomalous coupling parameters 
